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To all whom it may concern: 

Be it known that Veneta Hanson 
has invented certain new and useful improvements in 
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of which the following is a full, clear and exact description. 
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DIAGNOSTIC TEST FOR NEUROPSYCHIATRIC SYSTEMIC LUPUS 

ER YTHEMATO SU S " 

The invention disclosed herein was made with Government 
support under a grant from the National Institute for 
Arthritis and Musculoskeletal Diseases (NIAMD) No. 
AR42559. Accordingly, the U.S. Government has certain 
rights in this invention. 

Throughout this application, various publications are 
referenced in parentheses by number. Full citations for 
these references may be found at the end of the 
specification immediately preceding the claims . The 
disclosures of these publications in their entireties 
are hereby incorporated by reference into this 
application to more fully describe the state of the art 
to which this invention pertains. 

Background of the Invention 

Neurological, psychiatric and behavioral abnormalities 
are reported in up to 70% of systemic lupus 
erythematosus (SLE) patients (1) , a condition referred 
to as SLE with neuropsychiatric disease, or 
neuropsychiatric systemic lupus erythematosus (NPSLE) . 
Neurological syndromes may involve the central, 
peripheral and autonomic nervous system, while 
psychosis is the most prevalent psychiatric 
presentation, followed by cognitive dysfunction, mood 
changes and acute confusional states (2) . Assessment of 
central nervous system (CNS) involvement with SLE is 



not a precise process and involves serologic studies of 
autoantibodies, primarily to dsDNA, the small 
ribonucleoprotein and ribonucleoprotein antigens, and 
to phospholipid. Although helpful in the diagnosis of 
5 lupus, the presence of these autoantibodies does not 
correlate well with neuropsychiatric disease. Some 
correlation of serum autoantibodies to neuronal 
antigens and to the ribosomal P protein with 
neuropsychiatric manifestations exist in lupus, and in 

10 some of the reports these autoantibodies are implicated 
in the pathogenic mechanisms of the disease (3,4,5). 
Characterization of precise autoantibody specificities 
in the brain and the evaluation of these autoantibodies 
as markers for neuropsychiatric disease would provide a 

15 better serological tool for the diagnosis of NPSLE . 

We have previously discovered the presence of 
autoantibodies to a synaptic membrane protein in 
patients with NPSLE (6) . Here we further characterize 
the target antigen, and evaluate association of the 

20 respective autoantibodies with specific clinical 
presentations of NPSLE. Surprisingly, the antigen shows 
high homology to the glycolytic enzyme gamma enolase . 
These characteristics permit using the subject's 
autoantibodies as markers for neuropsychiatric disease 

2 5 in the diagnosis of NPSLE and other autoimmune 
neuropsychiatric disorders, which in turn permits 
individualized therapy to treat the disease. 
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This invention provides a method of assessing 
the likelihood that a patient is suffering from 
neuropsychiatric systemic lupus erythematosus 
which comprises: 

a) obtaining a fluid sample from the subject; 

b) contacting the sample with an agent which 
forms a complex with an autoantibody to a 
protein comprising consecutive amino acids 
having the sequence set forth in SEQ ID NO: 21 
or 23, under conditions permitting any such 
autoantibody present in the sample to complex 
with the agent; and 

c) detecting the presence of any autoantibody - 
agent complex formed in step (b) ; 

wherein the detection of autoantibody- agent 
complex in step (c) indicates that the patient 
is likely suffering from neuropsychiatric 
systemic lupus erythematosus. 



This invention also provides method of assessing 
the likelihood that a patient is suffering from 
neuropsychiatric systemic lupus erythematosus 
which comprises: 

a) providing a solid support to which an agent 
which forms a complex with an autoantibody to 
a protein comprising consecutive amino acids 
having the sequence set forth in SEQ ID NO: 21 



or 23, under conditions permitting any such 
autoantibody present in the sample to complex 
with the agent is bound; 

b) contacting the solid support from (a) with a 
fluid sample from the subject ; 

c) removing any of the autoantibody which is not 
bound to the solid support; and 

d) detecting the presence of autoantibody bound 
to the solid support, 

wherein the detection of autoantibody bound to 
the solid support in step (d) indicates that the 
patient is likely suffering from 

neuropsychiatric systemic lupus erythematosus. 



This invention also provides a diagnostic kit 
which comprises a container comprising an agent 
which forms a complex with an autoantibody to a 
protein comprising consecutive amino acids 
having the sequence set forth in SEQ ID NO: 21 or 
23, which agent is labeled with a detectable 
marker . 

This invention also provides a diagnostic kit 
which comprises a container comprising a solid 
support to which an agent which forms a complex 
with an autoantibody to a protein comprising 
consecutive amino acids having the sequence set 
forth in SEQ ID NO: 21 or 23 is bound, which 
agent is labeled with a detectable marker. 



Brief Description of the Figures 



Figure 1 : 
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Figure 2A-E : 

15 
20 

Figure 3 : 

25 

Figure 4A-B : 
Figure 5A-F : 
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Western blot analysis using commercially 
available preparation of gamma enolase . 
The data show that all five patients 
reacted with the commercial preparation 
of gamma enolase as well as the 50 kD 
protein, see lanes Al-5 for commercially 
available NSE and lanes Bl-5 for 
purified 50kD protein. Lane 6 is 
control . 

Time progression photographs of cultured 
B104 neuroblastoma cells in the presence 
of autoantibodies. Cells gradually 
detached from the bottom of the flask, 
formed free floating clumps of cells 
that appeared dead on day six, leaving 
fewer viable cells adherent to the 
bottom of the flask. 

Immunof luorescent localization 
experiments with affinity purified 
autoantibodies on cells remaining 
attached after day six, show vesicular 
aggregates in the perinuclear region and 
in the extracellular environment 

mRNA sequence encoding neuron-specific 
enolase (SEQ ID N0:1) . 

Human DNA sequence encoding neuron- 
specific enolase (SEQ ID NO: 2) . 
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Figure 6A-B : 
Figure 7 : 
5 Figure 8A-B : 
Figure 9A-B : 
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Figure 10: 



Figure 11 : 



Figure 12 ; 



Figure 13 



2 0 Figure 14: 



25 Figure 15 : 
Figure 16A- 



Rat completed cds mRNA sequence encoding 
neuron-specific enolase (SEQ ID NO: 3) . 

Neuron-specific enolase mRNA and intron 
(SEQ ID NO: 4) . 

Chick neuron-specific enolase mRNA 
complete cds (SEQ ID NO : 5 ) . 



Rat neuron-specific enolase 
complete cds (SEQ ID NO: 6) . 



mRNA 



Amino acid sequence of neuron specific 
enolase and encoding DNA (SEQ ID NO: 7) 
and (SEQ ID NO: 8) respectively. 

DNA encoding rat neuron-specific enolase 
- 5' end (SEQ ID NO: 9) . 

Rat neuron- specif ic enolase - exon 1 and 
protein product jSEQ ID NO: 10) and (SEQ 
ID NO: 11) respectively. 

Rat, neuron cells PC12 DNA encoding rat 
neuron-specific enolase - intron 1 (SEQ 
ID NO: 12) . 

R.norvegicus gene encoding neuron- 
specific enolase, exon 2 and joined CDS; 
protein sequence and DNA sequence (SEQ 
ID NO: 13) and (SEQ ID NO: 14) 
respectively. 

R.norvegicus enolase 2, gamma (Eno2) 
(SEQ ID NO: 15) . 

R.norvegicus enolase 2, gamma (Eno2) 
mRNA (SEQ ID NO: 16 ) . 



\ 



Figure 17A-B : R.norvegicus neuron-specific enolase 
gene, 5' flanking region (SEQ ID NO: 17) . 

Figure 18A-C : R.norvegicus gene encoding neuron- 
specific enolase gene, exons 8-12 (SEQ 
5 ID NO: 18) . 

Figure 19A-B : R.norvegicus gene encoding neuron- 
specific enolase gene, exons 3-7 (SEQ ID 
NO : 1 9 ) . 

Figure 20 : R.norvegicus gene encoding neuron - 

10 specific enolase gene, exon 1 (SEQ ID 

NO: 20) . 

Figure 21: Homo Sapiens neuron-specific enolase 

(SEQ ID NO: 21) . 

Figure 22 : Rat neuron- specif ic enolase (SEQ ID 

15 NO:22) . 

Figure 23 : Human neuron-specific enolase (SEQ ID 

NO : 2 3 ) . 

Figure 24: Chick neuron- specif ic enolase (SEQ ID 

NO: 24) . 

20 
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Detailed Description of the Invention 



Definitions 

As used herein, and unless stated otherwise, each of 
the following terms shall have the definition set forth 
5 below. 

"Antibody" shall include, by way of example, naturally 
occurring antibodies. The term "Autoantibody" is applied 
to antibodies produced by the subject and directed 
against naturally occurring components of the same 
10 subject. "Autoantibody- agent complex" means an 
association between the agent and the autoantibody, for 
example that between an epitope and a paratope. 

"Autoimmune", when applied to a disease, shall mean a 
state where the etiology of the disease is the subject's 
15 own immune system. By way of example, this includes 
diseases caused by inappropriately produced 
autoantibodies, or caused by autoantibodies or 
lymphocytes that attack molecules, cells, or tissues of 
the organism producing them. 

20 "Immunogenic" when applied to an agent shall mean an 
agent that elicits an immune response in a patient. 

"Neuropsychiatry" refers to psychiatric diseases or 
conditions with an underlying neurological basis. 

"Nucleic acid" shall mean any nucleic acid molecule, 
25 including, without limitation, DNA, RNA and hybrids 
thereof. The nucleic acid bases that form nucleic acid 
molecules can be the bases A, C, G, T and U, as well as 
derivatives thereof. Derivatives of these bases are 
well known in the art, and are exemplified in PCR 
3 0 Systems, Reagents and Consumables (Perkin Elmer 
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Catalogue 1996-1997, Roche Molecular Systems, Inc., 
Branchburg, New Jersey, USA) . 

"Operably affixed" in reference to an antigen protein 
shall mean that the protein is affixed to a molecule or 
surface in such a way as to permit any antibodies 
directed towards an epitope present on the protein to 
form a complex with the protein. 

Conditions permitting autoantibodies to complex with 
agents, e.g. proteins, means conditions which allow an 
antibody or autoantibody to complex with, or bind to, 
the agent /protein . Conditions allowing specific 
interaction mean conditions permitting the antibody or 
autoantibody to bind to a detectably greater degree 
(e.g., at least 2-fold over background) than the 
antibody binds to substantially all other epitopes in a 
reaction mixture comprising the particular epitope. 
Such x immunologically reactive' conditions are 
dependent upon the format of the antibody binding 
reaction and typically are those utilized in 
immunoassay protocols. See Harlow and Lane, Antibodies, 
A Laboratory Manual, Cold Spring Harbor Publications, 
New York (1988) , for a description of immunoassay 
formats and conditions. 

A variety of immunoassay formats may be used to detect 
antibodies reactive with a particular agent. For 
example, solid-phase ELISA immunoassays are routinely 
used to select monoclonal antibodies specifically 
immunoreactive with a protein. See Harlow and Lane, 
Antibodies, A Laboratory Manual, Cold Spring Harbor 
Publications, New York (1988), for a description of 



immunoassay formats and conditions that can be used to 
determine selective reactivity. 

Embodiments of the Invention 

This invention provides a method of assessing the 
likelihood that a patient is suffering from 
neuropsychiatric systemic lupus erythematosus which 
comprises : 

a) obtaining a fluid sample from the subject; 

b) contacting the sample with an agent which forms a 
complex with an autoantibody to a protein 
comprising consecutive amino acids having the 
sequence set forth in SEQ ID NO: 21 or 23, under 
conditions permitting any such autoantibody 
present in the sample to complex with the agent; 
and 

c) detecting the presence of any autoantibody- agent 
complex formed in step (b) ; 

wherein the detection of autoantibody- agent complex in 
step (c) indicates that the patient is likely suffering 
from neuropsychiatric systemic lupus erythematosus. 

This invention further provides the instant method, 
wherein the fluid sample comprises sera, plasma, urine, 
saliva, synovial fluid, cerebro- spinal fluid, or lymph. 

This invention further provides the instant method, 
wherein the agent is an antibody or fragment thereof 
which binds to the autoantibody and is labeled with a 
detectable marker. 



This invention further provides the instant method, 
wherein the agent comprises a protein comprising 
consecutive amino acids having the sequence set forth 
in SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 
NO: 24, or an immunogenic fragment thereof. 

This invention further provides the instant method, 
wherein the protein or the immunogenic fragment thereof 
is labeled with a detectable marker. 

This invention further provides the instant method, 
wherein the detectable marker is a radioisotope, a 
chromophore, a biomolecule, a fluorophore, a 
radiolabeled molecule, a dye, an affinity label, an 
antibody, biotin, streptavidin, a metabolite, a mass 
tag, or a dextran. 

This invention further provides the instant method, 
wherein the detecting in step (c) comprises contacting 
the autoantibody- agent complex with a second antibody 
which binds to the autoant ibody-agent complex and is 
labeled with a detectable marker. 

This invention further provides the instant method, 
further comprising determining the amount of complex 
formed in step (b) and comparing such amount with a 
standard, wherein a greater amount of complex formed in 
step (b) than in the standard indicates that the 
subject is likely suffering from neuropsychiatric 
systemic lupus erythematosus. 

This invention further provides the instant method, 
wherein the standard is a fluid sample comprising sera, 
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plasma, urine, saliva, synovial fluid, cerebro-spinal 
fluid, or lymph from a patient not suffering from 
neuropsychiatric systemic lupus erythematosus. 

This invention also provides method of assessing the 
likelihood that a patient is suffering from 
neuropsychiatric systemic lupus erythematosus which 
comprises : 

a) providing a solid support to which an agent which 
forms a complex with an autoantibody to a protein 
comprising consecutive amino acids having the sequence 
set forth in SEQ ID NO: 21 or 23, under conditions 
permitting any such autoantibody present in the sample 
to complex with the agent is bound; 

15 b) contacting the solid support from (a) with a fluid 
sample from the subject; 

c) removing any of the autoantibody which is not 
bound to the solid support; and 

d) detecting the presence of autoantibody bound to 
2 0 the solid support, 

wherein the detection of autoantibody bound to the 
solid support in step (d) indicates that the patient is 
likely suffering from neuropsychiatric systemic lupus 
erythematosus . 

25 This invention further provides the instant method, 
wherein the agent is a protein comprising consecutive 
amino acids having the sequence set forth in SEQ ID 
NO:21, SEQ ID NO.-22, SEQ ID NO:23, SEQ ID NO:24, or an 
immunogenic fragment thereof and wherein the detecting 
of the presence of autoantibody bound to the solid 

12 
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support with an antibody which binds to the 
autoantibody is labeled with a detectable marker. 

This invention further provides the instant method, 
wherein the fluid sample comprises sera, plasma, urine, 
saliva, synovial fluid, cerebro-spinal fluid, or lymph. 

This invention further provides the instant method, 
wherein the detectable marker is a radioisotope, a 
chromophore, a biomolecule, a fluorophore, a 
radiolabeled molecule, a dye, an affinity label, an 
antibody, biotin, streptavidin, a metabolite, a mass 
tag, or a dextran. 



This invention further provides the instant method, 
further comprising determining the amount of complex 
formed in step (b) and comparing such amount with a 
15 standard, wherein a greater amount of complex formed in 
step (b) than in the standard indicates that the 
subject is likely suffering from neuropsychiatric 
systemic lupus erythematosus. 



This invention further provides the instant method, 
wherein the standard is a fluid sample comprising sera, 
plasma, urine, saliva, synovial fluid, cerebro-spinal 
fluid, or lymph from a patient not suffering from 
neuropsychiatric systemic lupus erythematosus. 

This invention also provides a diagnostic kit which 
comprises a container comprising an agent which forms a 
complex with an autoantibody to a protein comprising 
consecutive amino acids having the sequence set forth 
in SEQ ID NO: 21 or 23, which agent is labeled with a 
detectable marker. 
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This invention further provides the instant kit, 
wherein the agent comprises a protein comprising 
consecutive amino acids having the sequence set forth 
in SEQ ID N0.-21, SEQ ID N0:22, SEQ ID NO:23, SEQ ID 
NO: 24, or an immunogenic fragment thereof. 

This invention further provides the instant kit, 
wherein the agent is an antibody or fragment thereof 
which binds to the autoantibody and is labeled with a 
detectable marker. 

This invention also provides a diagnostic kit which 
comprises a container comprising a solid support to 
which an agent which forms a complex with an 
autoantibody to a protein comprising consecutive amino 
acids having the sequence set forth in SEQ ID NO: 21 or 
23 is bound, which agent is labeled with a detectable 
marker . 

This invention further provides the instant kit, 
wherein the agent comprises a protein comprising 
consecutive amino acids having the sequence set forth 
in SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID 
NO: 24, or an immunogenic fragment thereof. 

This invention further provides the instant kit, 
wherein the agent is an antibody or fragment thereof 
which binds to the autoantibody and is labeled with a 
detectable marker. 

Neuropsychiatry presentations included in the instant 
method include schizophrenia. Other embodiments include 
cognitive dysfunctions, memory disorders, complex 
attention disorders, psychosis, anxiety disorders and 
depression, acute confusional state, mood disorders, 
headache, seizure disorders. Other neuropsychiatric 

14 



presentations include movement disorders and aseptic 
meningitis . 



In one embodiment, the patient has been diagnosed with 
systemic lupus erythematosus but not NPSLE. In one 
embodiment the patient has NPSLE. In one embodiment the 
patient presents with neuropsychiatric disease 
symptoms. In one embodiment the patient has NPSLE 
wherein the neuropsychiatric component is caused by an 
autoimmune disease. In one embodiment the instant 
method is used to determine whether the 
neuropsychiatric component of the NPSLE is autoimmune 
or not. In one embodiment the method is used to 
determine what therapy the patient should receive for 
treatment of the neuropsychiatric disease, e.g. whether 
an autoimmune therapy should be employed. 

In one embodiment the agent is gamma enolase. In a 
further embodiment the enolase is human or bovine. In 
different embodiments the gamma enolase, or neuron- 
specific enolase, has the sequence shown in figures 21- 
24 (SEQ ID NOs.: 21-24) or is an immunogenic fragment 
thereof. In differing embodiments the agent is a 
protein encoded by a nucleic acid that encodes the 
proteins shown in figures 21-24 (SEQ ID NOs.:21-24). In 
other embodiments the agent is a protein comprising 
consecutive amino acids comprising one or more of the 
sequences set forth in SEQ ID NOs.: 25-41. Acitve 
fragments of antibodies include F AB portions. 

In the described methods the agent to which the 
autoantibody complexes, may be labeled with a 
detectable marker, for example, a biomolecule, a 
fluorescent label, a radiolabeled molecule, a dye, a 



chromophore, an affinity label, an antibody, biotin, 
streptavidin, a metabolite, a mass tag, or a dextran. 

In one embodiment the autoantibody-agent complex is 
detected by attaching a detectable marker to all 
antibodies present in the sample, including 
autoantibodies, and then detecting any marker present 
when the agent has been exposed to the sample and 
washed to remove any unbound sample. In another 
embodiment a detectable marker is attached to a 
secondary antibody, i.e. an antibody that will 
recognize the autoantibody. In another embodiment the 
detectable marker is attached to the agent . 

This invention further provides a solid surface having 
an antigen protein as described hereinabove, or a 
fragment thereof, operably affixed thereto. This solid 
surface of can be, for example, glass, silica, diamond, 
quartz, gold, silver, metal, polypropylene, or plastic. 
The solid surface can be, for example, present on a 
bead, a chip, a wafer, a filter, a fiber, a porous 
media, or a column. Supports suitable for Western blot, 
radioimmunoassay, surface plasmon resonance chip assay, 
radioassay, or an enzyme -linked immunosorbent assay are 
encompassed. 

In one embodiment the fluid sample is a' sample from a 
patient which sample normally contains antibodies. In 
another embodiment the fluid sample is a sample from a 
patient which sample contains antibodies under 
pathological conditions. 

This invention will be better understood by reference 
to the Experimental Details which follow, but those 
skilled in the art will readily appreciate that the 



specific experiments detailed are only illustrative of 
the invention as described more fully in the claims 
which follow thereafter. 



5 Experimental Details 
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We previously reported the presence of autoantibodies 
to a 5 0kD synaptic membrane protein in patients with 
systemic lupus erythematosus and neuropsychiatric 
disease (NPSLE) . This study identifies and further 
characterizes the 50kD synaptic membrane protein as an 
autoantigen in NPSLE, and explores the effects of the 
associated autoantibodies on neuronal cells in culture. 
We evaluated the presence of autoantibodies from 
15 patients with systemic lupus erythematosus and 
neuropsychiatric disease, as well as control groups of 
patients with SLE without neuropsychiatric disease, and 
patients with neuropsychiatric disease alone, for their 
reactivity with the 50kD protein, using Western blot 
20 analysis. The identity of the 50kD protein was 
determined following chromatographic purification and 
mass spectroscopy analysis. The effect of 
autoantibodies to the 50kD protein on neuronal cultures 
was evaluated using affinity purified autoantibodies 
25 and B104 neuroblastoma cells. We disclose that 
autoantibodies to gamma enolase cocultured with 
neuronal cells diminish the survival of B104 
neuroblastoma cells. 
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We also disclose here that the 50kD synaptic membrane 
antigen is highly homologous to the glycolytic enzyme 
gamma enolase. We found that autoantibodies to this 
protein are present predominantly in patients with 
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NPSLE, but are rare in patients with SLE without 

neuropsychiatric disease and in patients with 

neuropsychiatry disease without underlying autoimmune 
disorder . 



Experimental Results : 
(1) 50KDa protein 

Our initial study on neuronal targets of autoantibodies 
in SLE described the partial purification of a 50kD 
protein associated with synaptic terminals in bovine 
brain. To determine the identity of the protein, 
further purification was accomplished. Solubilized 
synaptic plasma membranes were fractionated by FPLC 
initially by chromatography on Biogel preparative ion 
exchange column, followed by mono Q ion exchange 
separation and a final separation by phenyl -sepharose 
hydrophobic interaction chromatography. Fractions from 
the last separation were concentrated and analyzed by 
SDS PAGE. Immunoreactivity of the isolated protein was 
confirmed by Western blot analysis using serum from a 
patient with a defined NPSLE. The reactive band was 
excised from the gel matrix and digested with trypsin. 
The resulting peptides were separated by microcapillary 
reverse phase HPLC and analyzed by nano-electrospray 
tandem mass spectrometry. Sequenced peptides from 3 0 
fragments showed uniquely the sequence of gamma enolase 
from human and other species. Two of the spectra 
matched alpha enolase (Table 1) . 
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Table 1. Sequences of the 50 kD protein peptide 
fragments matching human gamma enolase (SEQ ID NO.s:25- 
41 from top to bottom) 



FT AN VG I Q I VGDDLTVTN P K 

H I AQLAGNSDL I LPVPAFNV INGGSHAGNK 

FTANVG I Q I VGDDLTVTN PK 

AAVPSGASTGIYEALELR 

IVIGMDVAASEFYR 

YGKDATNVGDEGGFAPNILENSEALELVK 

Y I TGDQLGAL YQDF VR 

IEEELGDEAR 

DYPWS IEDPFDQDDWAAWSK 

LAQENGWGVMVSHR 

LGAEVYHTLK 

LAQENGWGVMVSHR 

DGKYDLDFK 

LAMQE FM I L P VGAE S FR 

H I AQ LAGN S D L I L P V P A F NV I NGG S H AGN K 
DGKDLDFK 

AAVPSGASTGIYEALELRDGDK 



(2) Immune Activity 

Purified 50kD protein was used to evaluate the 
reactivity of samples from 25 NPSLE patients in Western 
blot analysis. We found that 23 patients of this group 
5 had moderate to high reactivity with the protein. 
Further, 22 patients with SLE and without known 
neuropsychiatric disorders were tested by the same 
method. Only one of these patients showed low levels of 
reactivity with the 50kD protein. Of the 44 patients 
10 with neuropsychiatric disease, but without SLE, only 3 
patients were positive and all three patients had 
schizophrenia . 

(3) Autoantibodies 

To determine whether gamma enolase indeed is the target 
15 of autoantibodies in our patients with NPSLE we tested 

five patients with NPSLE in Western blot analysis using 

commercially available preparation of gamma enolase. 

The reactivity of these sera was also tested with 50kD 

purified protein for comparison. The data (figure 1) 
20 show that all five patients reacted with the commercial 

preparation of gamma enolase as well as the 50 kD 

protein. 

(4) Effect on Neuronal Cells 

Our original observations localized the 50kD antigen on 
25 the surface of B104 neuroblastoma cells by 
immunofluorescence (6) . We hypothesized that the 
presence of this antigen on the cell surface suggests 
that reactivity of autoantibodies may affect neuronal 
cell function and contribute to the pathogenic 
3 0 mechanisms in NPSLE . To evaluate the effect of 
autoantibodies directed to this antigen we cocultured 

20 



B104 neuroblastoma cells with affinity purified 
autoantibodies to the 50 kD antigen. Culture of B104 
neuroblastoma cells was carried out in serum free 
medium with an addition of affinity purified 
5 autoantibodies at 0.1 mg/ml to experimental cultures 
and normal human serum to control cultures. We observed 
that in the presence of autoantibodies, cells gradually 
detached from the bottom of the flask, formed free 
floating clumps of cells that appeared dead on day six, 
10 leaving fewer viable cells adherent to the bottom of 
the flask (figure 2) . These results are consistent with 
an autoimmune mechanism underlying certain 
neuropsychiatric disorders . 

Immunof luorescent localization experiments with 
15 affinity purified autoantibodies on cells remaining 
attached after day six, show a different antigen 
localization pattern than previously described. 
Immunofluorescence was observed in vesicular aggregates 
in the perinuclear region and in the extracellular 

2 0 environment (figure 3) . 

Discussion 

Multiple autoantibodies to membrane associated and 
cytoplasmic antigens other than those associated with 
25 the nucleosome have been reported in SLE. Most evident 
non-nucleosomal autoantibodies are those to neuronal 
membranes, phospholipid and the ribosomal P protein. 
Although these autoantibodies have been associated with 
NPSLE , their disease specificity remains controversial 

3 0 and their involvement in the pathogenic process even 

more so. Limited in vivo experiments indicate 
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autoantibodies may induce neurological disease in 
murine animals: intraventricular injection of anti- 
ribosomal P protein cause behavioral changes in rats 
and immunization of MRL/++ mice with neuronal surface 
5 antigens from a murine neuroblastoma cell line elicits 
neurological disorders after 24 weeks (5) . The 
unremarkable pathology of the CNS in NPSLE, with 
absence of apparent neuronal cell and tissue damage 
prompted the search for pathogenic mechanisms in 
10 cytokine levels in the cerebrospinal fluid (CSF) , 
concentration levels of excitatory amino acids, changes 
in intracranial regional blood flow, and autoantibodies 
(8, 9, 10, 11) . 

Autoantibodies to neuronal surface antigens have been 
15 associated with NPSLE (12) . We characterized the 
association of autoantibodies to an unidentified 
synaptic membrane protein with neuropsychiatric 
presentations in SLE (6) . The described biochemical 
characterization of this antigen identifies extensive 
20 homology to the glycolytic enzyme gamma-enolase . 
Although two spectra uniquely matched the alpha form of 
the enzyme, given that the gamma form is not known in 
bovine and the high degree of homology between the 
gamma and alpha forms of the isoenzyme, it is most 
25 likely that the purified 50 kD synaptic membrane 
protein is homologous to gamma enolase. 

Enolase is a metalloenzyme of the classical glycolytic 
pathway that catalyses the conversion of 2- 
phosphoglycerate to phosphoenolpyruvate . There are 
3 0 three dimeric isoforms of the enzyme each encoded by 
one distinct gene (13,14,15). The alpha-alpha homodimer 
is ubiquitously distributed; it is the embryonic 



isoform present in most adult cells. The beta-beta 
isoform is specifically expressed in the differentiated 
striated muscle (16) . Although the gamma-gamma isoform 
is shown to be a neuron specific enolase (NSE) , present 
only in differentiated neuronal cells, and the alpha- 
alpha isoform is found to be restricted to glial cells, 
transcription of both alpha and gamma genes can be 
detected in many neurons (17) . The neuron specific 
expression of the gamma enolase enzyme may impart organ 
specific rather than systemic self -react ivity, which 
maybe relevant to NPSLE . In mammals the tissue specific 
isoforms are structurally highly conserved in terms of 
primary and tertiary structure, showing 82% amino acid 
sequence identity between the three isoforms and are 
believed to be functionally very similar (18) . The 
short variable regions in each subunit are localized on 
the surface of the molecule and are postulated to 
impart specific subcellular macromolecular targeting 
modulated by posttranslat ional modifications. These 
protein regions may confer differential immunogenicity 
of the subunits. 

It has been shown that cell specific isoforms differ in 
their properties. NSE is the most acidic isoform with 
higher tolerance to chloride ions as well as higher 
thermal stability. These properties are believed to be 
molecular adaptation to hypoxic, inflammatory or 
oxidative stress events (19) . It is present in purified 
synaptic plasma membranes and synaptic vesicles from 
bovine and rat brains, and in neuroblastoma cells as 
part of a tightly bound complex of dichlorophenol - 
indophenol oxidoreductase , glyceraldehyde- 3 -phosphate 
dehydrogenase isoform, TOAD64, aldolase and the heat 



shock70 protein (20,21,22). It is postulated that this 
protein complex may have a function in membrane fusion 
and cellular responses to oxidative stress and it has 
been shown by the same investigators that antibodies to 
the various components of the protein complex can 
inhibit their enzymatic activity. 

NSE is present normally at low levels in the 
cerebrospinal fluid (23) . These low concentrations may 
contribute to a continuous exposure of T and B cells to 
the enzyme, assuring immunological tolerance. A 
significant increase over normal levels of NSE in the 
cerebrospinal fluid is found in various pathological 
conditions such as cerebral trauma (24) , brain tumors 
(25) , acute ischemic stroke (26) , Creutzf eld- Jacob 
disease (27) , Lyme neuroborreliosis (28) , bacterial 
meningitis (29) , dementia (30), Alzheimer's disease 
(31), and after cardiac arrest (32). In fact, increased 
levels of NSE in the cerebrospinal fluid is considered 
reliable and specific marker of neuronal damage 
(33,34). Sustained elevation of the concentration of 
NSE in the cerebrospinal fluid may contribute to loss 
of tolerance to this enzyme. This may be of particular 
significance for patients with an autoimmune disease, 
where there is an intrinsic problem with self- 
recognition. Therefore, in patients with autoimmune 
disease sustained increased levels of cerebrospinal 
concentrations of NSE may trigger T and B cell 
stimulation and production of autoantibodies. In 
support to this hypothesis is the recent observation 
that lupus prone NZB mice are characterized by 
overexpression of mRNA for the alpha form of enolase 
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specifically in B cells, and that soluble alpha enolase 
has B cell stimulatory role (35) . 

Autoantibodies to members of the enolase family are 
present in various autoimmune and inflammatory 
diseases: The alpha form of enolase is a target of 
autoantibodies in 40% of clinically active vasculitis 
patients with ant ineutrophil cytoplasmic antibodies 
(ANCA) (36,37) . ANCA reactive antibodies from patients 
with primary sclerosing cholangitis and Crohn's disease 
bind alpha-enolase, but these reactivities have been 
found in less than 20% of this patient group (38) . 
Autoantibodies to alpha enolase have also been reported 
in 29% of patients with primary billiary sclerosis, in 
32% of patients with autoimmune hepatitis (39) , in 50% 
of patients with endometriosis (40) , in 30% of patients 
with systemic sclerosis (41) and in 30% of patients 
with mixed cryoglobulinemia and nephritis (42) . 
Patients with renal involvement and autoimmune disease 
show higher incidence of autoantibodies to alpha 
enolase. 69% of patients with primary membranous 
nephropathy and 5 8% of patients with membranous 
nephropathy secondary to rheumatoid arthritis or SLE 
show serum autoantibodies to alpha-enolase. Pratesi et 
al . have reported anti alpha-enolase antibodies in the 
serum of 27% of SLE patients with active nephritis 
(43) . 

Autoantibodies to enolases may impair cellular function 
via multiple pathways. There is increasing evidence 
that the enolase isoenzymes play a functional role 
separate from glycolysis in the cell and that specific 
cellular compartmentalization may impart functional 
specialization of the isoenzymes. In the case of alpha 



enolase the evidence for multifunctional activity is 
well documented. Alpha enolase is a potential tumor 
suppressor (44) , a possible plasminogen receptor (45) 
with surface expression on important inflammatory cells 
such as neutrophils, T cells, B cells and monocytes, as 
well as endothelial cells (46) . The enzyme is also 
shown to function as a heat shock protein (47) and a 
transcription factor for paramyxovirus at a replication 
site in the cell (48) . 

There is increasing evidence that NSE has neurotrophic 
and survival factor properties for embryonic rat 
neocortical, mesencephalic, and spinal cord neurons 
(49), as well as for photoreceptor neurons (50,51). 
Circulating autoantibodies may interfere with the 
survival factor properties of NSE. Our coculture 
experiments show that autoantibodies to NSE affect the 
survival of B104 neuroblastoma cells and this effect is 
associated with antigen redistribution. Supporting 
evidence for this premise is also provided by the data 
of Maruyama et al . (52), who observed that intravitreal 
administration of purified ant i -NSE antibody induces 
apoptotic cell death in retinal ganglion cells. 

There is accumulating evidence that autoantibodies to 
glycolytic enzymes may be a contributing factor to the 
pathogenic mechanisms of autoimmune diseases. Recently, 
Schaller et al . (53) described T and B cell stimulation 
by the glycolytic enzyme glucose-6-phosphate isomerase 
(GPI) , a multifunctional enzyme with cytokine activity, 
neuronal survival factor activity, autocrine motility 
factor activity and maturation factor activity. The 
authors linked serum and synovial fluid autoantibodies 
against GPI to maintaining RA in humans. In the K/BxN 



TCR- transgenic mouse, which is a model for RA, the 
disease is initiated by T cell recognition of GPI and 
pathology of the disease is attributed to the 
autoantibodies to GPI (54) . As stated above Babu et al 
(35) established that enolase has a B cell stimulatory 
effect. Further studies on the association of NPSLE 
with autoantibodies to NSE may provide similar 
evidence . 

Materials and Methods 
Patient population : 

The patient population consisted of 25 patients with 
SLE without neuropsychiatric manifestations, 20 
patients with NPSLE , 44 patients with non-SLE 
neuropsychiatric disease, including 6 patients with 
amyotrophic lateral sclerosis, 15 patients with 
Alzheimer's disease, 13 patients with bipolar disorder 
and 10 patients with schizophrenia. 

Purification of the 50 kD antigen : 

Synaptic plasma membranes were obtained from two bovine 
brains using the method of Jones and Matues (7) . 
Synaptosomal proteins solubilized with TRITON X-100 
were applied on a Pharmacia biogel preparative column, 
and fraction eluted with 10-500 mM phosphate buffer 
gradient at pH 6.8 containing 0.1% octylglucoside . 
Fractions were screened by Western blot and for the 
presence of the 50 kD protein using serum from a 
patient with NPSLE. Positive fractions were dialyzed in 
10 mM Tris buffer, pH 8.0 containing proteolytic 
inhibitors. After dialysis these fractions were loaded 



on a Pharmacia Mono Q column equilibrated with the same 
buffer. Elution was performed with a 10-500mM KCl 
gradient. Eluted fractions were screened by Western 
blot and positive fractions were pooled and loaded on a 
Pharmacia phenyl sepharose column. Ammonium sulfate 
gradient was used for elution. Proteins eluted from the 
column were separated by SDS PAGE. The immunopositive 
band was excised. The protein was proteolyt ically 
digested and peptide fragments were separated by 
microcapillary reverse-phase HPLC . Fractions were 
analyzed by nanospray tandem mass spectrometry. 

Affinity purification of human sera : 

Purified 50kD protein was immunoblotted on 
nitrocellulose membranes and the 50kD area was cut into 
strips. Serum from a patient with well characterized 
NPSLE was incubated with the membranes overnight at 
4°C. Membranes were washed with Tris buffered saline, 
containing 0.1% TWEEN and eluted with 0 . 1M glycine 
buffer, pH2.3. After neutralization in 0 . 5M Tris buffer 
pH 8.8 the antibodies were concentrated and dialyzed in 
phosphate buffered saline. 
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